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1
RESIN PIPE FITTING

TECHNICAL FIELD

The 1nvention relates to resin tube fittings.

BACKGROUND ART

A kind of resin tube fittings 1s known, which 1s usable 1n
manufacturing devices in technical fields of manufacture of
semiconductors, medical devices, and drugs, food process-
ing, and chemical industry. See, e.g., Patent Literature 1. The
kind of resin tube fittings 1s used for connecting tubes for
transporting fluid such as ultrapure water and chemicals to
other tubes or devices; the fittings are designed to be coupled
to longitudinal ends of the tubes.

Such a resin tube fitting has a body, an mner ring, and a
union nut; these components are used for connecting the
fitting to a longitudinal end of the tube. The 1nner ring is
pressed into the longitudinal end of the tube, and then
inserted into the body together with the longitudinal end of
the tube. The union nut holds the longitudinal end of the tube
to prevent it from being pulled out from the body.

During use, the resin tube fitting often undergoes heat
cycle, which 1s, for example, a temperature change from a
room temperature, e.g. about 25 degrees Celsius, to a high
temperature, e.g. about 200 degrees Celsius, and then return
to the room temperature. After the fitting undergoes the heat
cycle, the tube connected to the fitting tends to have less
resistance to being pulled out from the body of the fitting,
when receiving an unexpected pullout force. This i1s the

reason that the fitting 1s required to have higher resistance to
forces pulling out the tube from the fitting.

CITATION LIST

Patent Literature

Patent Literature 1: JP H10-54489 A

SUMMARY OF INVENTION

In view of the above-described problems, the mmvention
aims at providing a resin tube fitting that can achieve higher
resistance to forces pulling out a longitudinal end of the tube
connected to the fitting.

A resin tube fitting according to the invention 1s a fitting
connectable to a tube, while allowing a longitudinal end of
the tube to be put therein. The fitting includes: a body
including a sleeve that allows the longitudinal end of the
tube to be put therein; an 1ner ring including a press-in
portion that 1s configured to be pressed into the longitudinal
end of the tube, and to be put inside the sleeve together with
the longitudinal end of the tube 1n which the press-in portion
1s put; and a union nut including a connector that 1s config-
ured to, aiming at connecting the longitudinal end of the tube
to the body, be screwed to an outer periphery of the body to
allow the longitudinal end of the tube to be put radially
between the connector and the press-in portion of the inner
ring when the press-in portion 1s put inside the sleeve of the
body together with the longitudinal end of the tube. The
inner ring and the union nut are made of resin, which has a
property of contracting in response to change in ambient
temperature. A radial contraction rate of the connector of the
union nut 1s designed to be higher by 0.05% or more than
that of the press-in portion of the inner ring.
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With this structure, the fitting enables the connector of the
union nut to radially contract greater than the press-in
portion of the inner ring when the inner ring and the umon
nut are cooled after heated by heat transfer from fluid, 1.e.
when they have undergone the heat cycle, under the condi-
tion that the fitting 1s connected to the tube.

The mnner diameter of the connector of the union nut 1s
reduced greater than the outer diameter of the press-in
portion of the inner ring when the resin tube {fitting 1s
connected to the tube. Thus, the fitting can increase the force
to hold the tube, which 1s supported by the press-in portion
from the inner radius, from the outer radius with the con-
nector, which encloses the tube over the sleeve of the body.

When the tube recerves a force pulling out the tube from
the resin tube fitting, the fitting can increase a iriction force
between the tube and the sleeve of the body, which 1s pressed
by the connector of the union nut toward the inner radius. As
a result, the fitting can achieve a higher resistance to the
force pulling out the tube from the fitting.

According to another aspect of the invention, the inner
ring and the union nut may be made of the same kind of
resin.

According to still another aspect of the invention, the
inner ring and the union nut may be made of different kinds
of resin.

According to a further aspect of the imvention, the union
nut has a pressing portion configured to, when the connector
1s screwed to the outer periphery of the sleeve, press the
longitudinal end of the tube from an outer radius onto the
press-in portion, which 1s put inside the sleeve together with
the longitudinal end of the tube. The radial contraction rate
of the pressing portion 1s designed to be higher than that of
the press-in portion of the inner ring.

With this structure, the fitting enables the pressing portion
of the union nut, like the connector thereof, to radially
contract greater than the press-in portion of the inner ring
when the mner ring and the union nut are cooled after heated
by heat transfer from fluid.

The mner diameter of the pressing portion of the union nut
1s reduced greater than the outer diameter of the press-in
portion ol the inner ring when the resin tube fitting 1s
connected to the tube. Thus, the fitting can increase the force
to hold the longitudinal end of the tube, which 1s supported
by the press-in portion from the 1nner radius, from the outer
radius with the pressing portion, which radially encloses the
tube.

When the tube recerves a force pulling out the tube from
the resin tube fitting, the fitting can increase a friction force
between the tube and the pressing portion of the union nut;

the friction force appears outside the body. As a result, the
fitting can achieve a higher resistance to the force pulling out
the tube from the fitting.

The mvention can provide the resin tube fittings achiev-
able higher resistance to the force pulling out from the fitting
the longitudinal end of the tube, which 1s connected to the
fitting.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-section view of the structure of a joint
between a resin tube fitting according to the first embodi-
ment of the mvention and a longitudinal end of the tube;

FIG. 2 1s a drawing showing sizes of portions of inner
rings and union nuts in examples 1 and 2 according to the
first embodiment of the invention;
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FIG. 3 1s a drawing showing sizes of portions of inner
rings and union nuts 1n targets 1, 2, 3, and 4 for comparison

with the first embodiment of the invention;

FIG. 4 1s a drawing showing contraction rates of inner
rings and union nuts of examples 1 and 2, and targets 1, 2,
3, and 4, based on FIGS. 2 and 3;

FIG. 5 1s a drawing showing resistances to the force
pulling out the tube 1n embodiments 1 and 2, and targets 1,
2, 3, and 4;

FIG. 6 1s a cross-section view of the structure of a joint
between a resin tube fitting according to the second embodi-
ment of the invention and a longitudinal end of the tube;

FIG. 7 1s a drawing showing sizes of portions of inner
rings and union nuts 1 examples 3 and 4 according to the
second embodiment of the invention;

FIG. 8 1s a drawing showing sizes of portions of inner
rings and union nuts in targets 5, 6, and 7 for comparison
with the second embodiment of the invention;

FIG. 9 1s a drawing showing contraction rates of inner
rings and union nuts of examples 3 and 4, and targets 5, 6,
and 7, based on FIGS. 7 and 8;

FIG. 10 1s a drawing showing resistances to the force

pulling out the tube 1n embodiments 3 and 4, and targets 5,
6, and 7.

DESCRIPTION OF EMBODIMENTS

The first embodiment of the invention will be explained
with reference to the drawings.

A resin tube fitting 1 according to the first embodiment of
the invention 1s usable 1 equipment of manufacture of
semiconductor, liquid crystal, or organic electrolumines-
cence devices. When used 1n such equipment, the fitting 1 1s
designed to be connectable to a tube 2, as shown in FIG. 1,
to connect the tube 2 to another tube or a fluid device such
as a valve and a pump.

The fitting 1 1s connectable to the tube 2, while allowing
a longitudinal end 5 of the tube 2 to be put inside the fitting
1. The fitting 1 has a body 11, an 1mnner ring 12, and a union
nut 13. The tube 2 1s a flexible cylinder with approximately
constant mner diameters. The tube 2 1s made of resin such
as fluoropolymers.

Hereinafter, a first axial direction means a direction to the
tube 2 1n the fitting 1 shown 1n FIG. 1, and a second axial
direction means a direction to the body 11 1n the fitting 1
shown 1n FIG. 1.

The body 11 has a sleeve, which 1s an outer sleeve 22
described below; the sleeve allows the longitudinal end 5 of
the tube 2 to be put therein. The body 11 also has a fluid
channel 16, which 1s provided inside of the body 11 to be
connected to a flmd channel 7 of the tube 2 when the
longitudinal end 5 of the tube 2 1s put 1nside (an 1nlet 135 of)
the sleeve 22.

The body 11 1s made of certain resin, preferably, tluo-
ropolymers such as perfluoroalkoxy alkanes (PFA), polytet-
rafluoroethylenes (PTFE), and ethylene tetrafluoroethylenes
(ETFE).

The body 11 includes a main sleeve 21, an outer sleeve 22,
and an 1nner sleeve 23. The main sleeve 21 has a cylinder-
shaped portion and a first fluid channel 24, which 1s con-
nectable to the fluid channel 7 of the tube 2. The first tluid
channel 24 has an approximately circular cross section and
runs inside the main sleeve 21 along its axis to serve as a part
of the fluid channel 16.

The outer sleeve 22 has a thread engageable with the
union nut 13 and protrudes coaxially from a first axial end
of the main sleeve 21 to the first axial direction to form the
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inlet 15. The outer sleeve 22 1s shaped as a cylinder with the
inlet 15 inside. The thread, or external thread 25, extends at
an outer periphery of the outer sleeve 22 along its axis.

The mner sleeve 23 1s disposed at inner radiuses of the
outer sleeve 22. The mner sleeve 23 has a tip 26, which
protrudes coaxially from the first axial end of the main
sleeve 21 to the same direction as the outer sleeve 22, 1.e. to
the first axial direction of the main sleeve 21, such that the
tip 26 of the inner sleeve 23 1s located nearer to the main
sleeve 21 than a tip 27 of the outer sleeve 22.

The mner sleeve 23 1s shaped as a cylinder that has
approximately the same inner diameter as the main sleeve 21
and an outer diameter smaller than the inner diameter of the
outer sleeve 22. The nner sleeve 23 also has a second fluid
channel 28 connectable to the flmid channel 7 of the tube 2.
The second fluid channel 28 has an approximately circular
cross section and runs coaxially with the first fluid channel
24 to form the fluid channel 16 together with the first fluid
channel 24.

The body 11 includes a groove 29 that i1s surrounded by
the main sleeve 21, outer sleeve 22, and inner sleeve 23 to
be open to the first axial direction. The groove 29 1s shaped
as a ring along the whole circumierence of the outer periph-
ery of the inner sleeve 23 to allow a second axial end of the
inner ring 12, which 1s a plug 36, to be pressed into the
groove 29.

The inner ring 12 has a press-in portion 31 that can be
pressed into the first longitudinal end 5 of the tube 2. The
press-in portion 31 1s provided to be insertable into the inlet
15 of the outer sleeve 22, 1.¢. mside the body 11, together
with the longitudinal end 5 of the tube 2 with an opening 8
inside which the press-in portion 31 1s placed.

In addition to the press-in portion 31, the mner ring 12 has
an mnsert portion 32 insertable into the mnlet 15 of the body
11. The insert portion 32 includes a cylinder 35, a plug 36,
and a connector 37. The inner ring 12 has a fluid channel 38
that can connect the tfluid channel 7 of the tube 2 with the
fluid channel 16 of the body 11.

In detail, the press-in portion 31 has the same (cylindrical )
shape as the mner periphery of the longitudinal end 3 of the
tube 2 enlarged by the press-in portion 31, which 1s disposed
on the first axial side of the mnner ring 12. The press-in
portion 31 has the same 1nner diameter as the tube 2 (which
1s not enlarged by the press-in portion. Hereinafter, the same
1s true.) The press-in portion 31 encloses the first axial side
of the fluid channel 38, which has an approximately circular
Cross section.

The press-1n portion 31 has an outer diameter larger than
the 1nner diameter of the tube 2. The press-in portion 31 1s
placed 1n contact with the whole circumierence of the inner
periphery of the longitudinal end 5 of the tube 2. The
press-in portion 31 i1s pressed into the opening 8 of the
longitudinal end 5 to enlarge 1t. The press-in portion 31 1s
held at a certain position relative to the longitudinal end 5.

While put inside the longitudinal end 5 of the tube 2, the
press-in portion 31 1s mserted 1nto the inlet 15 of the outer
sleeve 22, 1.e. mside of the body 11, from the second axial
side of the press-in portion 31, together with the longitudinal
end 5 of the tube 2.

When put 1nside the inlet 15 of the outer sleeve 22, the
press-in portion 31 presses the longitudinal end 5 of the tube
2 onto the outer sleeve 22. In other words, the press-in
portion 31 1s placed in contact with the whole circumierence
and axial length of the longitudinal end 5 of the tube 2 from
an iner radius, and 1n parallel, the outer sleeve 22 1s placed
in contact with the whole circumierence and axial length of
the longitudinal end 5 of the tube 2 from an outer radius.
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The press-in portion 31 has an expanded portion 39,
which 1s an annular protruding portion to mmprove seal
performance between the press-in portion 31 and the tube 2
and prevent the tube 2 from being pulled out when the
press-in portion 31 1s put inside the longitudinal end 5 of the
tube 2. The expanded portion 39 expands to outer radiuses
of the inner ring 12 on the first axial side of the press-in
portion 31.

The expanded portion 39 has a convex cross section with
first and second outer peripheries, which are shaped as taper
surfaces, placed respectively at the first and second axial
sides of the peak of the convex profile, 1.e. a position of its
largest radius. When the press-in portion 31 1s pressed into

the outer sleeve 22, the second outer periphery of the

il

expanded portion 39 presses the first axial side of the
longitudinal end 5 of the tube 2 onto the outer sleeve 22.

When the press-in portion 31 1s pressed into the longitu-
dinal end 5 of the tube 2, the msert portion 32 1s placed
outside the tube 2. The nsert portion 32 1s shaped as a
cylinder and disposed on the second axial side of the inner
ring 12. The insert portion 32 has approximately the same
inner diameter as the press-in portion 31 and encloses the
second axial side of the fluid channel 38.

The 1nsert portion 32 has a diameter generally larger than
the press-in portion 31. When the press-in portion 31 1s to be
inserted 1nto the inlet 15 of the outer sleeve 22 together with
the longitudinal end § of the tube 2, the 1nsert portion 32 1s
inserted into the inlet 15 of the outer sleeve 22 before the
press-in portion 31, and the whole circumierence and axial
length of the insert portion 32 contacts the outer sleeve 22
from an inner radius.

In the insert portion 32, the cylinder 35 is shaped as a
circular cylinder and aligned coaxially with the second axial
end of the press-in portion 31. The cylinder 35 has approxi-
mately the same inner diameter as the press-in portion 31
and the tube 2. The cylinder 35 includes a flmd channel that
1s a part of the second axial end of the fluid channel 38.

The cylinder 35 has an outer diameter larger than the
press-in portion 31 (except for the peak of the expanded
portion 39 and 1ts vicinity.) When the insert portion 32 1s
inserted into the inlet 15 of the outer sleeve 22, the cylinder
35, in particular 1ts whole periphery and axial length,
approaches, contacts, or presses the outer sleeve 22 from an
inner radius.

The plug 36 1s shaped as a cylinder to be pressed 1n the
groove 29 of the body 11 and protrudes from the cylinder 35
coaxially 1n the second axial direction. The inner diameter of
the plug 36 1s slightly smaller than the outer diameter of the
inner sleeve 23 of the body 11, and the outer diameter of the
plug 36 1s approximately the same or slightly larger than that
of the cylinder 35.

When the insert portion 32 1s put inside the inlet 15 of the
outer sleeve 22, the plug 36 1s pressed 1n the groove 29, and
presses the mner sleeve 23 from an outer radius to form a
first seal area 41 between the plug 36 and the 1nner sleeve 23.
In particular, the whole periphery and axial length of the
plug 36 contacts the inner sleeve 23.

In parallel, the plug 36 contacts or presses the outer sleeve
22 from an inner radius. In particular, the whole periphery
and axial length of the plug 36 contacts the outer sleeve 22.

The connector 37 1s shaped as a cylinder and disposed at
a radius smaller than the plug 36. The connector 37 pro-
trudes coaxially from the cylinder 35 in the same direction
as the plug 36 (1.e. 1n the second axial direction from the
cylinder 35) to locate the tip 43 of the connector 37 nearer
to the cylinder 35 than the tip 44 of the plug 36.
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The connector 37 1s shaped as a circular cylinder of
approximately the same mner diameter as the cylinder 35
and the inner sleeve 23 of the body 11. The connector 37 has
an outer diameter smaller than the inner diameter of the plug
36 to allow the tip 26 of the inner sleeve 23 to be placed
between the connector 37 and the first axial end of the plug
36.

The connector 37, while restricting deformation and
movement ol the inner sleeve 23 toward inner radiuses
caused by the plug 36 pressed 1nto the groove 29, presses the
inner sleeve 23 from the first axial direction to form a second
seal area 42 between the connector 37 and the 1nner sleeve

23. The whole periphery of the connector 37 contacts the
iner sleeve 23.

The union nut 13 has a connector 46, which can be
screwed to an outer periphery of the body 11 to allow the
longitudinal end 3 of the tube 2 to be put radially between
the connector 46 and the press-in portion 31. Since the
press-in portion 31 1s put inside the inlet 15 together with the
longitudinal end 5 of the tube 2, the connector 46 connects
the longitudinal end 5 of the tube 2 to the body 11.

The union nut 13 has a pressing portion 47 1n addition to
the connector 46. The union nut 13 has a through hole along
the axis of the union nut 13; the hole allows the tube 2 to
penetrate therethrough. There 1s an allowance between the
hole and the tube 2 so that, with the tube 2 put inside the
hole, the union nut 13 can move relative to the tube 2 1n the
longitudinal direction of the tube 2.

The connector 46 includes, in addition to a part of the
hole, a thread engageable with the thread of the outer sleeve
22 of the body 11, 1.e. the external thread 25. The connector
46 1s shaped as a cylinder and disposed on the second axial
side of the union nut 13. The thread of the connector 46, or
internal thread 49, extends on the inner periphery of the
connector 46 along its axial direction to be engaged with the
thread of the outer sleeve 22 of the body 11.

When the internal thread 49 1s engaged with the external
thread 25 of the outer sleeve 22 of the body 11 and then
moves to the second axial direction, the connector 46
radially encloses the outer sleeve 22 and presses the outer
sleeve 22 and the longitudinal end 5 of the tube 2 onto the
press-in portion 31 of the imner ring 12; the longitudinal end
5 of the tube 2, together with the press-in portion 31, is
placed inside the outer sleeve 22.

At that time, the connector 46 contacts the outer sleeve 22
in the whole periphery of an engagement area, in which the
internal thread 49 1s engaged with the external thread 25 of
the outer sleeve 22. The connector 46 radially encloses the
longitudinal end 5 of the tube 2, which is placed inside the
inlet 15 of the outer sleeve 22, across the engagement area
of the outer sleeve 22.

When the connector 46 1s screwed to the external thread
235 of the outer sleeve 22, the pressing portion 47 presses the
longitudinal end 5 of the tube 2, not only from the first axial
direction onto the body 11, but also from an outer radius onto
the press-in portion 31, which 1s put inside the inlet 15
together with the longitudinal end 5 of the tube 2.

The pressing portion 47 1s shaped as a cylinder and
disposed on the first axial side of the union nut 13. The
pressing portion 47 1s aligned coaxially with the connector
46 so that the mnner periphery of the pressing portion 47 1s
located radially inside the inner periphery of the connector
46. The pressing portion 47 has an inner diameter smaller
than the inner radius of the connector 46 and slightly larger
than the outer diameter of the tube 2; the pressing portion 47
thus includes a residual part of the through hole.
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When the connector 46 presses the outer sleeve 22 and the
longitudinal end 5 of the tube 2, which 1s placed 1nside the
outer sleeve 22 together with the press-in portion 31 of the
inner ring 12, onto the press-in portion 31, the pressing
portion 47 1s disposed outside the first axial end of the outer
sleeve 22 and can press the longitudinal end 5 of the tube 2
onto the press-in portion 31.

In detail, the inner periphery of the pressing portion 47
has a corner 48 on the second axial side. When the connector
46 1s screwed to the external thread 25 of the outer sleeve 22,
the corner 48 presses the longitudinal end 5 of the tube 2 not
only from the first axial direction onto the body 11, but also
from the outer radius onto the press-in portion 31. In short,
the corner 48 holds the longitudinal end 5 of the tube 2
between the comer 48 and the press-in portion 31.

When the connector 46 1s screwed to the external thread
25 of the outer sleeve 22, 1.¢. when the union nut 13 1s being
fixed to the body 11 tightly, the corner 48 moves in the axial
direction and presses an enlarged portion of the tube 2, like
a wedge driven in the whole periphery of the enlarged
portion; the enlarged portion of the tube 2 1s enlarged by the
expanded portion 39 and extends along the first outer
periphery.

The resin tube fitting 1 1s formed with the above-de-
scribed configuration. When the resin tube fitting 1 1s to be
connected to the tube 2, first, the union nut 13 makes the tube
2 penetrate with an allowance between the union nut 13 and
the tube 2. Next, the 1nner ring 12 1s connected to the tube
2. More specifically, the press-in portion 31 1s pressed
coaxially into the opening 8 of the longitudinal end 5 of the
tube 2, while the expanded portion 39 enlarges the tube 2.

The 1nsert portion 32 of the mner ring 12, which 1s located
outside the tube 2, 1s then inserted into the inlet 15 of the
outer sleeve 22, 1.e. the inside of the resin tube fitting 1.
Next, the press-in portion 31 and the longitudinal end 5 of
the tube 2, inside which the press-in portion 31 1s placed, are
inserted into the inlet 15 of the outer sleeve 22. Finally, the
connector 46 of the union nut 13 15 screwed to the external
thread 25 of the outer sleeve 22 and placed at a predeter-
mined position near the body 11.

The union nut 13 1s screwed such that the plug 36 can be
pressed 1nto the groove 29 to form the first seal area 41 with
the radial sealing action, and the connector 37 can be pressed
onto the inner sleeve 23 to form the second seal area 42 with
the axial sealing action.

In addition, the mner ring 12 and the union nut 13 of the
resin tube fitting 1 are made of the same kind of resins,
which has a property of contracting 1n response to change in
ambient temperature. A radial contraction rate of the con-
nector 46 of the union nut 13 1s designed to be higher by
0.05% or more than that of the press-in portion 31 of the
iner ring 12.

The mner ring 12 and the union nut 13 are made of certain
resin, which 1s preferably fluoropolymer including, for
example, PFA and PTFE.

The mner ring 12 1s heated by rise in ambient tempera-
tures (including the temperature of fluid flowing inside the
resin tube fitting 1) from a room temperature (approximately
25 degrees Celsius) by certain degrees, and then cooled by
fall 1n ambient temperature to the room temperature. When
undergoing such a temperature change for the first time, the
press-in portion 31 can radially contract relative to 1ts nitial
S1Ze.

The union nut 13 is heated by rise 1n ambient temperature
(including the temperature of fluid flowing inside the resin
tube fitting 1) from a room temperature by certain degrees,
and then cooled by fall 1n ambient temperature to the room
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temperature. When undergoing such a temperature change
for the first time, the connector 46 can radially contract
relative to its initial size.

In this case, the connector 46 of the union nut 13 1s
designed to radially contract greater than the press-in portion
31 of the mner ring 12. Note that the pressing portion 47 also
radially contracts relative to 1ts mnitial size, when undergoing,
the temperature change, as described below.

The press-in portion 31 of the mner ring 12 and the
connector 46 of the union nut 13 can have different radial
contraction rates, whose difference within a certain range
can be based on, for example, whether the inner ring 12 and
the union nut 13 are heat-treated during manufacture or not.

The heat treatment 1s, for example, an annealing treatment
to eliminate internal distortion from objects molded during
manufacture of the inner ring 12 or the union nut 13. In the
annealing treatment, the objects are heated at a certain
temperature for a certain time (e.g., the objects made of PFA
or PTFE are heated from about 200 degrees Celsius to about
250 degrees Celsius for about 180 minutes; the objects made
of ETFE are heated from about 120 degrees Celsius to about
140 degrees Celsius for about 180 minutes.)

The press-in portion 31 of the mner ring 12 1s heat-treated
to have the contraction rate of approximately zero after the
temperature change, 1.¢. to hardly contract. The connector 46
of the union nut 13, in addition to the pressing portion 47
thereol, are not heat-treated to have contraction rates after
the temperature change higher than the press-in portion 31
of the mner ring 12.

The method of generating the difference in radial con-
traction rate between the press-in portion 31 of the mnner ring
12 and the connector 46 of the union nut 13 1s not limited to
the method in which one of the mner ring 12 and the umion
nut 13 1s heat-treated but the other 1s not. For example,
conditions may be appropriately adjusted during molding of
the mnner ring 12 and the union nut 13. In mjection molding,
different conditions such as injection pressure, holding pres-
sure, 1njection rate, and mold temperature can vary proper-
ties of molded objects such as 1ts residual stress and density,
and can cause different contraction rate of the objects.
Accordingly, molding conditions different between the inner
ring 12 and the union nut 13 can generate a significant
difference 1n contraction rate therebetween, or difference of
0.05% or more. The same 1s true for the method of gener-
ating difference in radial contraction rate between the press-
in portion 31 of the mner ring 12 and the pressing portion 47
of the union nut 13 described below.

The difference in radial conftraction rate between the
press-in portion 31 of the inner ring 12 and the connector 46
of the union nut 13 is designed within a range from about
0.05% to about 10%. Preferably, the difference 1s selected
within a range from about 0.05% to about 5%. The same 1s
true for the difference in radial contraction rate between the
press-in portion 31 of the mner ring 12 and the pressing
portion 47 of the union nut 13 described below.

The above-described configuration enables the connector
46 of the umion nut 13 to contract greater than the press-in
portion 31 of the mner ring 12 when the mner rnng 12 and
the union nut 13, with the tube 2 connected to the resin tube
fitting 1, are cooled after heated by heat transmitted from the
fluid, 1.e. have undergone the heat cycle.

Since the inner diameter of the connector 46 of the union
nut 13 1s reduced greater than the outer diameter of the
press-in portion 31 of the mner ring 12, the resin tube fitting
1 can, when connected to the tube 2, increase the force to
hold the longitudinal end 5 of the tube 2, which 1s supported
by the press-in portion 31 from the mner radius, from the
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outer radius with the connector 46, which radially encloses
the tube 2 across the outer sleeve 22.

When the tube 2 receives a force pulling out the tube 2
from the resin tube fitting 1, the fitting 1 can increase a
friction force between the tube 2 and the outer sleeve 22,
which 1s pressed toward 1nner radiuses by the connector 46
of the umion nut 13. As a result, the resin tube fitting 1 can
achieve a higher resistance to the force pulling out the tube
2 from the fitting 1.

The union nut 13 has the pressing portion 47, which has
a radial contraction rate higher than the press-in portion 31
of the 1nner ring 12. Accordingly, the inner diameter of the
pressing portion 47 of the union nut 13, like that of the
connector 46, 1s reduced greater than the outer diameter of
the press-in portion 31 of the inner ring 12. Thus, the fitting
1 can increase the force to hold the longitudinal end 5 of the
tube 2 from the outer radius with the pressing portion 47, or
more specifically with the comer 48.

When the tube 2 receives a force pulling out the tube 2
from the resin tube fitting 1, the fitting 1 can increase a

friction force between the tube 2 and the pressing portion 47
of the union nut 13; the friction force appears outside the
body 11. As a result, the fitting 1 can achieve a higher

resistance to the force pulling out the tube 2 from the fitting,
1.

The above-described advantageous eflects were con-
firmed by comparative experiments about resistance to the
force pulling out the tube. We started the comparative
experiments by preparing examples 1 and 2 of the first
embodiment of the invention and targets 1, 2, 3, and 4 for
comparison, which have the same structure as the resin tube
fitting 1, but the mner rings and union nuts differ 1n
difference in contraction rate from those according to the
first embodiment of the mvention.

Ambient temperatures of the examples 1 and 2 and the
targets 1-4 were increased from a room temperature to about
200 degrees Celsius, and then kept at about 200 degrees
Cels1us for 1 hour. After that, the ambient temperatures were
decreased from about 200 degrees Celsius to a room tem-
perature, 1.¢. the examples 1 and 2 and the targets 1-4 are
naturally cooled.

The heating and natural cooling were conducted for the
examples 1 and 2 and the targets 1-4 before connected to
tubes, 1.e. with the inner rings and union nuts separated from
cach other and the bodies of the fittings.

FIGS. 2 and 3 show the outer diameters of the press-in
portions of the mner rings of the examples 1 and 2 and the
targets 1-4, and the inner diameters of the connectors and
pressing portions of the union nuts thereol, which were
measured before and after the temperature change, 1.e. the
heating. FIGS. 2 and 3 also show calculated values of the
radial contraction rates of the press-in portions, connectors,
and pressing portions.

FIG. 4 shows differences that are equal to the radial
contraction rates of the connectors of the union nuts minus
the radial contraction rates of the press-in portions of the
inner rings. FIG. 4 also shows differences that are equal to
the radial contraction rates of the pressing portions of the
union nuts minus the radial contraction rates of the press-in
portion of the inner rings.

The example 1 has the inner ring made of PFA and the
union nut made of PFA. The inner ring of the example 1 was
tformed such that 1ts press-in portion does not contract after
the heating, and the union nut thereof was formed such that
its connector radially contracts and 1ts pressing portion
contracts after the heating.
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As a result, the connector of the union nut has a radial
contraction rate 0.50% higher than the press-in portion of the
iner ring, and the pressing portion of the union nut has a
radial contraction rate 0.11% higher than the press-in portion
of the iner ring.

The example 2 has the inner ring made of PTFE and the
union nut made of PTFE. The imnner ring of the example 2
was formed such that 1ts press-in portion does not contract
after the heating, and the union nut thereof was formed such
that 1ts connector and pressing portion contract after the
heating.

As a result, the connector of the union nut has a radial
contraction rate 0.07% higher than the press-in portion of the
inner ring, and the pressing portion of the union nut has a
radial contraction rate 0.05% higher than the press-in por-
tion of the inner ring.

The target 1 has the 1nner ring made of PFA and the union
nut made of PFA. The inner ring of the target 1 was formed
such that its press-in portion does not contract aiter the
heating, and the union nut thereof was formed such that its
connector and pressing portion do not contract after the
heating.

As a result, the connector of the union nut has the same
radial contraction rate as the press-in portion of the inner
ring, and the pressing portion of the union nut has the same
radial contraction rate as the press-in portion of the inner
ring.

The target 2 has the inner ring made of PFA and the union
nut made of PFA. The inner ring of the target 2 was formed
such that 1ts press-in portion contracts after the heating, and
the union nut thereotf was formed such that 1ts connector and
pressing portion contract after the heating.

As a result, the connector of the union nut has a radial
contraction rate 0.04% lower than the press-in portion of the
inner ring, and the pressing portion of the union nut has a
radial contraction rate 0.43% lower than the press-in portion
of the iner ring.

The target 3 has the inner ring made of PI'FE and the
union nut made of PTFE. The inner ring of the target 3 was
formed such that its press-in portion does not contract after
the heating, and the union nut thereotf was formed such that
its connector and pressing portion do not contract after the
heating.

As a result, the connector of the union nut has the same
radial contraction rate as the press-in portion of the inner
ring, and the pressing portion of the union nut has the same
radial contraction rate as the press-in portion of the inner
ring.

The target 4 has the inner ring made of PI'FE and the
union nut made of PTFE. The inner ring of the target 4 was
formed such that its press-in portion contracts after the
heating, and the union nut thereof was formed such that its
connector and pressing portion contract after the heating.

As a result, the connector of the union nut has a radial
contraction rate 0.02% higher than the press-in portion of the
inner ring, and the pressing portion of the union nut has the
same radial contraction rate as the press-in portion of the
Inner ring.

A tube made of PFA was connected to each body of the
examples 1 and 2 and the targets 1-4 by the 1mnner ring and
union nut, and then, the tube, body, mner ring and union nut
underwent the heat cycle (change from a room temperature
to a high temperature (about 200 degrees Celsius) and return
to the room temperature.) Belore and after the heat cycle,
rates of resistance to pulling out the tube were measured.

The rates of resistance to pulling out the tube were
obtained by comparison among measured values of resis-
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tances to pulling out the tube after the zeroth to fifth times
of the heat cycle. More specifically, the rates are defined as
the measured values of resistances after the first to fifth times
of the heat cycle divided by the measured value of resistance
before the heat cycle, 1.e. after the zeroth time of the heat
cycle.

The measured values shown 1 FIG. 5 reveals that the
rates of resistance to pulling out the tube 1n the examples 1
and 2 are higher than those 1n the targets 1-4. In other words,
the measured values clarily that the first embodiment of the
invention has an effect of enhancing the resistance to pulling
out the tube from the fitting even 11 the fitting undergoes the
heat cycle repeatedly.

The following will explain a second embodiment of the
invention with reference to drawings.

A resin tube fitting 101 according to the second embodi-
ment of the invention differs from the fitting 1 according to
the first embodiment 1n that the mnner ring 112 and the umion
nut 113 are made from different kinds of resin. Except for the
difference, the resin tube fitting 101 according to the second
embodiment 1s substantially the same as the fitting 1 accord-
ing to the first embodiment. Accordingly, as shown 1n FIG.
6, components of the resin tube fitting 101 are marked with
the same reference symbols as substantially equivalent com-
ponents of the resin tube fitting 1 according to the first
embodiment, and details of the components are omitted.

The resin tube fitting 101 has the mner nng 112 and the
union nut 113 that are made of different kinds of resin, which
have a property of contracting caused by change 1n ambient
temperature. The connector 46 of the union nut 113 1s
designed to have a radial contraction rate higher by 0.05%
or more than the press-in portion 31 of the mner ring 112. In
other words, the resin from which the union nut 113 1s made
has a contraction rate after molded higher than the resin from
which the inner ring 112 1s made.

The different kinds of resin have difterent names, or
alternatively the same name but different grades. Since
resins of different grades have different molecular structures,
molecular weights, or crystallinity degrees, the resins can
have different melt flow rates (MFRs) at molding, flexing
lives (resistances to bending) after molded, and the likes,
which can cause diflerence 1n contraction rate of molded
objects. Thus, the inner ring 112 and the union nut 113 made
from resins of diflerent grades can have contraction rates
with significant difference, 1.e. 0.05% or more.

The inner ring 112 and the union nut 113 are made from
their respective resins, preferably fluoropolymers, which
include, for example, PFA, PT1FE, and ETFE.

The inner ring 112 1s heated by rise in ambient tempera-
tures (including the temperature of tluid tlowing inside the
resin tube fitting 101) from a room temperature (approxi-
mately 25 degrees Celsius) by certain degrees, and then
cooled by fall in ambient temperature to the room tempera-
ture. When undergoing such a temperature change for the
first time, the press-in portion 31 can radially contract
relative to 1ts 1nitial size.

The union nut 113 1s heated by rise in ambient tempera-
ture (including the temperature of fluid flowing inside the
resin tube fitting 101) from a room temperature by certain
degrees, and then cooled by fall in ambient temperature to
the room temperature. When undergoing such a temperature
change for the first time, the connector 46 can radially
contract relative to 1ts 1nitial size.

In detail, the mner ring 112 and the union nut 13,
including the press-in portion 31 and the connector 46,
expand relative to their mitial sizes during heating, 1.€. when
they receive a certain amount of heat due to rise 1n ambient
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temperature, and then contract relative to their nitial sizes
during cooling, 1.e. when they lose heat due to fall in ambient
temperature.

The connector 46 of the union nut 113 1s designed to
radially contract greater than the press-in portion 31 of the
iner ring 112.

Since the 1nner ring 112 and the union nut 113 are made
from different kinds of resin, the press-in portion 31 of the
inner ring 112 and the connector 46 of the union nut 113 can
have radial contraction rates with a certain difference. In
addition, heat treatment or adjustment of molding conditions
may increase the difference in contraction rate. Concretely,
the 1ner ring 112 may undergo heat treatment such that 1t
has zero contraction rate after the temperature change, 1.¢.
hardly contract. The same 1s true for a mean providing
difference within a certain range between the radial contrac-
tion rates of the press-in portion 31 of the inner ring 112 and
the pressing portion 47 of the union nut 113, as described
below.

The heat treatment 1s, for example, an annealing treatment
to eliminate internal distortion from objects molded during
manufacture of the iner ring 112. In the annealing treat-
ment, the objects are heated at a certain temperature for a
certain time (e.g., the objects made of PFA or PTFE are
heated from about 200 degrees Celsius to about 250 degrees
Celsius for about 180 minutes; the objects made of ETFE are
heated from about 120 degrees Celsius to about 140 degrees

Celsius for about 180 minutes.)

The difference in radial contraction rate between the
press-in portion 31 of the mner ring 112 and the connector
46 of the union nut 113 1s designed within a range from
about 0.05% to about 10%. Preferably, the difference is
selected within a range from about 0.05% to about 5%. The
same 15 true for the diflerence in radial contraction rate
between the press-in portion 31 of the inner ring 112 and the
pressing portion 47 of the union nut 113 described below.

The above-described configuration enables the connector
46 of the union nut 113 to contract greater than the press-in
portion 31 of the inner ring 112 when the mner ring 112 and
the union nut 113, with the tube 2 connected to the resin tube
fitting 101, are cooled after heated by heat transmitted from
the fluid, 1.e. have undergone the heat cycle.

Since the inner diameter of the connector 46 of the union
nut 113 1s reduced greater than the outer diameter of the
press-in portion 31 of the inner ring 112. the resin tube fitting
101 can, when connected to the tube 2, increase the force to
hold the longitudinal end 5 of the tube 2, which 1s supported
by the press-in portion 31 from the inner radius, from the
outer radius with the connector 46, which radially encloses
the tube 2 across the outer sleeve 22.

When the tube 2 receives a force pulling out the tube 2
from the resin tube fitting 101, the fitting 101 can increase
a friction force between the tube 2 and the outer sleeve 22,
which 1s pressed toward inner radiuses by the connector 46
of the union nut 113. As a result, the resin tube fitting 101
can achieve a higher resistance to the force pulling out the
tube 2 from the fitting 101.

The union nut 113 has the pressing portion 47, which has
a radial contraction rate higher than the press-in portion 31
of the mner ring 112. Accordingly, the inner diameter of the
pressing portion 47 of the union nut 113, like that of the
connector 46, 1s reduced greater than the outer diameter of
the press-in portion 31 of the imnner ring 112. Thus, the fitting
101 can increase the force to hold the longitudinal end 5 of
the tube 2 from the outer radius with the pressing portion 47,
or more specifically with the corner 48.
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When the tube 2 receives a force pulling out the tube 2
from the resin tube fitting 101, the fitting 101 can increase
a Iriction force between the tube 2 and the pressing portion

4’7 of the union nut 113; the friction force appears outside the
body 11. As a result, the fitting 101 can achieve a higher

resistance to the force pulling out the tube 2 from the fitting,
101.

The above-described advantageous eflects were con-
firmed by comparative experiments about resistance to the
force pulling out the tube. We started the comparative
experiments by preparing examples 3 and 4 of the second
embodiment of the invention and targets 5, 6, and 7 for
comparison, which have the same structure as the resin tube
fitting 101, but the mmner rings and union nuts differ n
difference 1n contraction rate from those according to the
second embodiment of the invention.

Ambient temperatures of the examples 3 and 4 and the
targets 5-7 were increased from a room temperature to about
200 degrees Celsius, and then kept at about 200 degrees
Cels1ius for 1 hour. After that, the ambient temperatures were
decreased from about 200 degrees Celsius to a room tem-
perature, 1.e. the examples 3 and 4 and the targets 5-7 are
naturally cooled.

The heating and natural cooling were conducted for the
examples 3 and 4 and the targets 5-7 before connected to
tubes, 1.e. with the 1nner rings and union nuts separated from
cach other and the bodies of the fittings.

FIGS. 7 and 8 show the outer diameters of the press-in
portions of the mner rings of the examples 3 and 4 and the
targets 5-7, and the inner diameters of the connectors and
pressing portions of the union nuts thereoif, which were
measured before and after the temperature change, 1.e. the
heating. FIGS. 7 and 8 also show calculated values of the
radial contraction rates of the press-in portions, connectors,
and pressing portions.

FIG. 9 shows diflerences that are equal to the radial
contraction rates of the connectors of the union nuts minus
the radial contraction rates of the press-in portions of the
iner rings. FIG. 9 also shows differences that are equal to
the radial contraction rates of the pressing portions of the
union nuts minus the radial contraction rates of the press-in
portion of the 1nner rings.

The example 3 has the inner ring made of PTFE and the
union nut made of PFA. The connector of the union nut has
a radial contraction rate 0.43% higher than the press-in
portion of the mmner ring, and the pressing portion of the
union nut has a radial contraction rate 0.06% higher than the
press-in portion of the inner ring.

The example 4 has the inner ring made of PTFE and the
union nut made of ETFE. The connector of the union nut has
a radial contraction rate 0.34% higher than the press-in
portion of the mner ring, and the pressing portion of the
union nut has a radial contraction rate 0.06% higher than the
press-in portion of the inner ring.

The target 5 has the inner ring made of PFA and the union
nut made of PFA. The connector of the union nut has a radial
contraction rate 0.04% lower than the press-in portion of the
inner ring, and the pressing portion of the union nut has a
radial contraction rate 0.44% lower than the press-in portion
of the mner ring.

The target 6 has the mner ring made of ETFE and the
union nut made of ETFE. The connector of the union nut has
a radial contraction rate 0.02% lower than the press-in
portion of the mner ring, and the pressing portion of the
union nut has a radial contraction rate 0.30% lower than the
press-in portion of the inner ring.
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The target 7 has the inner ring made of PTFE and the
union nut made of PTFE. The connector of the union nut has
a radial contraction rate 0.02% higher than the press-in
portion of the mner ring, and the pressing portion of the
union nut has the same radial contraction rate as the press-in
portion of the inner ring.

A tube made of PFA was connected to each body of the
examples 3 and 4 and the targets 5-7 with the inner ring and
union nut, and then, the tube, body, mnner ring and union nut
underwent the heat cycle (change from a room temperature
to a high temperature (about 200 degrees Celsius) and return
to the room temperature.) Before and aifter the heat cycle,
rates of resistance to pulling out the tube were measured.

The rates of resistance to pulling out the tube were
obtained by comparison among measured values of resis-
tances to pulling out the tube after the zeroth to fifth times
of the heat cycle. More specifically, the rates are defined as
the resistances, which were measured at each end of the first
to fifth times of the heat cycle, divided by the resistance
measured before the heat cycle, 1.e. the resistance after the
zeroth time of the heat cycle.

The measured values shown 1n FIG. 10 reveals that the
rates of resistance to pulling out the tube 1n the examples 3
and 4 higher than those 1n the targets 5-7. In other words, the
measured values clarily that the second embodiment of the
invention has an effect of enhancing the resistance to pulling
out the tube from the fitting even 11 the fitting undergoes the
heat cycle repeatedly.

In view of the explanation described above, the invention
can obviously have variations and modifications. Accord-
ingly, 1t should be understood that the mmvention can have
embodiments other than those 1n the description within the
scope of the claims attached to the description.

DESCRIPTION OF REFERENCE SYMBOLS

1 resin tube fitting, 2 tube, 5 one longitudinal end of the tube,
11 body of fitting, 12 inner ring, 13 union nut, 22 outer
sleeve, 31 press-in portion, 46 connector, 47 pressing por-
tion, 101 resin tube fitting, 112 inner ring, 113 union nut.

What 1s claimed 1s:

1. A resin tube fitting connectable to a tube, while allow-
ing a longitudinal end of the tube to be put therein, the fitting
comprising;

a body 1ncluding a sleeve that allows the longitudinal end

of the tube to be put therein;

an mner ring including a press-in portion that 1s config-

ured to be pressed into the longitudinal end of the tube,
and to be put inside the sleeve together with the
longitudinal end of the tube in which the press-in
portion 1s put; and

a union nut including a connector that 1s configured to,

aiming at connecting the longitudinal end of the tube to
the body, be screwed to an outer periphery of the body
to allow the longitudinal end of the tube to be put
radially between the connector and the press-in portion
of the mner ring when the press-in portion 1s put nside
the sleeve of the body together with the longitudinal
end of the tube, wherein:

the inner ring and the union nut are made of resin, which

has a property of contracting when ambient tempera-
ture rises from room temperature and then falls to room
temperature; and

the connector of the union nut 1s designed to radially

contract at a rate higher by 0.05% or more than the
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press-in portion of the inner ring when ambient tem-
perature rises from room temperature and then falls to
room temperature.

2. The resin tube fitting according to claim 1, wherein the
inner ring and the union nut are made of the same kind of 5
resin.

3. The resin tube fitting according to claim 1, wherein the
inner ring and the union nut are made of different kinds of
resin.

4. The resin tube fitting according to claim 1, wherein: 10

the union nut has a pressing portion configured to, when

the connector 1s screwed to the outer periphery of the
sleeve, press the longitudinal end of the tube from an
outer radius onto the press-in portion, which 1s put
inside the sleeve together with the longitudinal end of 15
the tube; and

the pressing portion 1s designed to radially contract at a

rate higher than the press-in portion of the mner ring
when ambient temperature rises from room tempera-
ture and then falls to room temperature. 20

G e x Gx s
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